In this issue of Leukemia, Boudard et al 1 describe that the caspase inhibitor DEVD-cho restored colony formation of CFU-GM, CFU-E, and BFU-E progenitors in myelodysplastic syndrome (MDS). This can be envisioned as a basis for a novel therapeutic approach for MDS. The prospect of a new therapeutic approach for a difficult-to-cure disease is always an exciting milestone, even though many promises made are eventually proven fruitless.
Normal hematopoiesis is regulated by the coordination between proliferation, differentiation, and apoptosis. Apoptosis is cell death-mediated by caspase activation. Caspases (cysteine aspartate-specific proteases) are a family of proteases with a stringent requirement for cleavage after aspartate residues. 2 Caspase activation results in rapid cell death that is usually accompanied by nuclear and DNA fragmentation, membrane blebbing and cell shrinkage, all known as morphological features of apoptosis. Apoptosis is initiated by the activation of the proximal caspases, either caspase-8, caspase-9 or caspase-12, leading to activation of the executioner caspases such as caspase-3, -6 and -7. In addition, noncaspases, including cathepsins, calpains, granzymes also have roles in promoting cell death. 3 Apoptosis is often evaded by cancer and leukemia cells. 4 For example, in Ph1 (+) leukemia cells, the expression of the BCR-ABL chimeric gene prevents apoptosis in response to a variety of anticancer agents. 5 Spontaneous apoptosis in leukemia cells correlates with chemotherapy-induced apoptosis and is associated with better prognosis. Chemotherapeutic drugs also induce death of normal cells causing cytopenias.
Like therapy-induced cytopenia and unlike leukemia, MDS is related to excessive apoptosis. MDS represents a spectrum of disorders and is characterized by peripheral blood cytopenias, and a tendency to evolve into acute myeloid leukemias. 6 Cytopenia with a hypercellular marrow can be attributed to increased proliferation with apoptosis (ineffective hematopoiesis). Evidence indicates that apoptosis is involved in the development of MDS. 7 Caspase activity is especially enhanced in 'early' MDS. 1, 8 MDS is divided into 'early stage' myelodysplasia (refractory anemia (RA), RA with ringed sideroblasts, RAEB with less than 10% blasts) and 'late stage' myelodysplasia (RAEB with more than 10% blasts, RAEB in transformation (RAEB-t), and acute myeloid leukemia secondary to myelodysplasia).
Boudard et al demonstrated that, caspase-3 activation is associated with 'early' MDS. Caspase-3 activation declined in 'late' MDS and was absent in leukemia. MDS is characterized by abnormal growth of hematopoietic progenitor cells (CFU-GM, CFU-E, BFU-E) in clonogenic assays, as a result of excess- In some cases, the number of BFU-E and CFU-E was increased almost 50 times, thus reaching the normal values.
Recently, it has been reported that despite the well-documented activation of caspase-3 in cells derived from patients with MDS, the caspase inhibitor Z-VAD-fmk did not increase colony formation. 8 The article by Boudard et al in this issue of Leukemia suggests that DEVD-cho (but not the inhibitor used in the other study) increases colony formation. Many questions remain. What are the stimuli that cause caspase activation in MDS? The Fas/Fas ligand system is implicated in MDS. Since Fas-mediated apoptosis is initiated by activation of caspase-8, can inhibitors of caspase-8 such as IETD-cho restore colony formation?
The demonstration that sole inhibition of caspases can restore colony formation in vitro is important. In this light, it is very tempting to consider clinical applications of caspase inhibitors in the treatment of MDS. Will caspase inhibitors work in vivo? Caspase inhibitors are small peptides that mimic substrates of caspases. In animal models, caspase inhibitors abrogate apoptosis. Thus, Ac-VAD, Z-DEVD-fmk, and B-Dfmk inhibitors abrogated apoptosis in ischemic liver and fully protected rats from death. 9 Z-VAD-fmk prevented Fas-induced damage of mouse liver. 10 Inhibitors of caspases are currently being considered for treatment of several conditions, including stroke, meningitis and sepsis.
Some of the current therapeutic strategies for MDS and leukemia, including chemotherapy and transplantation, seem somehow similar. 11 Inhibitors of caspases represent an opposing strategy. It should be noted that amifostine (a phosphorylated aminothiol), a free radical scavenger and inhibitor of TNF elaboration, has been used in the treatment of MDS, as an anti-apoptotic agent. 6 However, its effectiveness is disputed. Although it is called an anti-apoptotic agent, amifostine has an indirect mechanism of action. In contrast, according to the biochemical definition of apoptosis, caspase inhibitors are straightforward inhibitors of apoptosis. Inhibition of caspases may be effective regardless of the biological nature of these diseases and in theory, may be useful in severe anaplastic anemia.
However, potential long-term outcomes resulting from treatment of MDS with caspase inhibitors are unclear. According to the current view, apoptotic cell death is increased in early MDS, declines in late MDS and is inhibited in leukemia. As noted 25 years ago, it is dangerous to restore colonies which may contain leukemic cells. 12 Will treatment with caspase inhibitors result in the remission of MDS or in the development of leukemia? The dilemma between an excessive apoptosis in MDS and an inhibited apoptosis in leukemia should be kept firmly in mind.
One possibility is that apoptosis in MDS eliminates a potentially leukemic clone, and the inhibition of apoptosis pro-motes the development of leukemia. In this scenario, chemotherapy rather than caspase inhibitors may be indicated as the appropriate therapy. However, in treatment of bone marrow insufficiency that is caused by acute toxicities there is little reason to expect the development of leukemia. Also, caspase inhibitors could be advocated for severe aplastic anemia because the risk of progression to acute leukemia is lower in aplastic anemia.
Another possibility is that excessive apoptosis in MDS prompted the selection of a leukemic clone. 13 Clonal outgrowths in MDS and secondary leukemia may be the result of strong selective pressure on stem and/or progenitor cells. In this scenario, inhibitors of caspases will not only restore hematopoiesis, but also will delay or even prevent development of leukemia.
Given that hemopoietic stem-cell transplantation is currently the only potentially curative therapy, 14 consideration of caspase inhibitors for the treatment of MDS is very tempting.
